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INTRODUCTION 


This project is a result of previous research. The recommendations contained in 
FHWA MT 7926-02 "Predicting Moisture Induced Damaged to Asphalt Design Mixes" 
calls for the implementation of the maximum tensile split test. Prior to full 
implementation we are running this project as a pilot, attempting to further 
investigate the value of the maximum tensile split data. We are also looking at 
the possibility of utilizing the resilient modulus test data as an additional 


predictive tool. 


Based on the problems involved with cracking and stripping in our roadways, the 
Montana Department of Highways is attempting to more accurately predict the 


effect moisture has on asphaltic concrete mixtures. 


Currently, the immersion compression test is the critical test used to determine 
moisture susceptibility. The adhesion test and volume swell tests are also uti- 
lized in our evaluation. The purpose of this project is to evaluate the possi- 
ble use of the maximum tensile split test and/or resilent modulus test data as 
additional tools in the prediction of the moisture susceptibility of asphalt 


cement mixtures. 


We selected six aggregate sources from around the state that have a proven 
history and represent the various regional qualities of aggregate and asphaltic 
concrete throughout Montana. Twenty-four marshall size specimens were prepared 
from each source. Twelve specimen were prepared without any additives and 
twelve were prepared with additives. Each set of twelve was split into three 
groups of four. Each group was subjected to different environments. Four spe- 
cimens were tested dry, four specimens were saturated in distilled water and 


four more specimens were saturated in distilled water and conditioned in a. 
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freeze-thaw environment. Each group of dry, saturated and conditioned specimens 


were subjected to the same series of testing. 


First, the specimens were subjected to a set of resilent modulus tests. One 
test was performed at a specimen temperature at 73°F and another test was per- 
formed at a specimen temperature of 55°F. Because the resilient modulus tests 
are non-destructive, a maximum tensile split test was also performed on each 


specimen at 55°F. 


This data was all recorded and compared with immersion compression results. The 
immersion compression information used for comparison was gathered at the same 
time as the tensile split and resilient modulus information. The immersion 
compression specimens were fabricated using the same aggregate source and ori- 


ginal mix design recommendations. 


For a detailed description of the fabrication procedure for the 24 marshall type 
test specimens as well as the method utilized for the saturation and condition- 
ing of these specimens, please refer to "The Working Plan and Guidelines for 
NCHRP 4-8(3)/1 - Field Evaluation Phase". The guidelines and procedures we used 
to perform the resilient modulus tests and maximum tensile split tests are also 
described in the NCHRP 4-8(3)/1 document. The immersion compression was per- 
formed according to AASHTO T-165. (Effect of Water on Cohesion of Compacted 


Bituminous Mixtures.) 


When the data was compiled, the evaluation process began. There are three pha- 
ses of the data interpretation. First, each source was evalualted for a rela- 
tive correlation of the three tests, both with and without additives. The spe- 


cimens were split, to observe visually what variation in stripping occurred and 
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to see if what occurred substantiated the test data. Finally, the data from 
each of the six sources was combined on two sheets. One sheet, Table 1, con- 
tains data for the six sources without additives and another, Table 2, contains 
the data for the six sources using additives. These sheets were then reviewed 


to identify any trends or outstanding correlation. 


In comparing the various test results, the following table contains the range of 
average values expected in pounds per square inch based on previous experience 


with these tests: 


"R" Modulus "R" Modulus 
Tensile 
Environment 


Dry 150-300 800-1200 150-250 


Saturated 100-200 400-900 125-175 
Conditioned 75-150 300-700 


For the "R" modulus and tensile split ratios we expect values in the range of 
0.60 to 0.75 for saturated to dry ratios and a range of 0.40 to 0.50 for con- 


ditioned to dry ratios. 


The minimum acceptable immersion compression retained strength ratio is 0.59. 


The following six synopsis represent the initial data review, and visual 


observations: 
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DISCUSSION OF TEST RESULTS 
Wibaux Co. Line West 
I 94-6(26)216 
Pit Lab. No. 515434-443 
Loc. Wl SEY4 Section 27, T-16-N, R-55-E 
Materials Bureau recommendation 6.5% 120/150 Penetration Asphalt No Additive 
Test Results Exhibits A &B 
"R" Modulus No Additives: 
Values of the dry specimens are in the midrange. The wet to dry ratio is 
also about average. The condition to dry ratio seems to indicate that under 


freeze thaw conditioning this mix is marginal. 


Immersion Compression 
The wet and dry break values fall in the average range. The retained 


strength ratio of .815 normally indicates a good source. 


Tensile Split: 
The dry tensile split values are likewise in the midrange. The saturated 
and conditioned values appear to be low. The ratio's of the wet to dry and 


condition to dry comparisons appear to correlate very well with the "R" 


modulus ratios. 


Summary No Additives: 
The comparison of the three tests appear to reinforce one another, with the 
exception of the immersion compression retained strength ratio. The immer- 
sion compression wet and dry break values seem to be comparable in terms of 


relative magnitude, to the "R" modulus and tensile split values. 


The tests seem to indicate a fair aggregate which is not severely susceptible 


to moisture induced damage. 
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Wibaux Source With Additives: 

"R" Modulus: 
The values of both the wet and dry specimens increased significantly and 
appear to represent a good mix. The conditioned specimens increased more 
than double indicating quite a change using lime. The ratios of wet to dry 
and conditioned to dry appear to indicate an improvement in moisture 


susceptibility. 


Immersion Compression: 
The dry break strength increased 32% and the wet break strength increased 
37% when compared to the specimens without lime. The average values of 
223.2 psi for the dry breaks and 188.6 psi for the wet breaks represent 
values in the average range. The retained strength ratio of 84.5% coupled 
with the increases in both the wet and dry strengths would normally indicate 
the mix using hydrated lime is more resistant to moisture damage than was 


the initial mix. 


Tensile Split: 
The dry specimens' average with lime decreased while the wet and conditioned 
values increased. These increases in values suggests an increase, also, in 
the resistance to moisture damage. The wet to dry ratio and conditioned to 


dry ratio also indicate an increase in the moisture resistance. 


Summary With Additives: 
The comparison of the three tests generally correlate. However, the dry 
tensile split values are low initially which results in higher wet and con- 
ditioned ratios. 
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Wibaux - Visual Observation: 
Very little difference is observed in the three sets of specimens containing 
lime. The original mix was discarded prior to observation. Only miniscule 
stripping was observed in the conditioned specimens. Otherwise, they all 


appear about the same, slightly rich in asphalt. 
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4th and 6th Ave. N. - Billings 

M 1018(4) 

Pit Lab. No. 529918-529922 

Loc. SEYa of Section 18, T-1-N, R-27-E 

Materials Bureau Recommendation: 4.75% 85/100 Penetration Asphalt No Additives 

Test Results Exhibits C & D 

"R" Modulus No Additives: 
The "R" modulus values are all very good to excellent with the possible 
exception of the conditioned specimen at 73°F, which could be categoried in 
the above average range. The wet to dry ratios are good at both 73°F and 
55°F while the condition to dry ratios seem to be low. This would indicate 


a mix which is not too moisture susceptible but may be suspect in a freeze- 


thaw condition. 


Immersion Compression: 
The dry and wet break values are a bit higher than average. The retained 


strength ratio of .73 would normally indicate an acceptable source. 


Tensile Split: 
The dry and wet values are in the very good to excellent range, while the 
conditioned values tend to be slightly low. The wet to dry ratio is quite 
good indicating a good resistance to moisture. On the other hand the con- 
ditioned to dry ratio seems to predict a good possibility of freeze-thaw 


susceptibility. 


Summary No Additives: 
The tests all seem to correlate quite well. The "R"“ modulus, immersion 
compression and tensile split test ratios are very consistent with one 


another. Based on the data one would normally conclude that this mix should 
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be quite resistant to moisture damage but could possibly be suspect in a 


freeze-thaw environment. 


Billings Source With Additives: 

"R" Modulus: 
The values of the "R" modulus tests for the mix with lime are generally of 
the same order of magnitude as those for the mix without lime. The effects 
of the lime vary. For the dry "R" modulus the value increased at 73° and 
decrease in value at 55°. For the wet specimens the "R" modulus values both 
increased while for the conditioned specimens the values decreased. Also by 
comparing the ratios of the wet to dry and the conditioned to dry, the data 
seems to indicate that the addition of the lime did very little to enhance 


either the moisture resistance or the freeze-thaw susceptibility. 


Immersion Compression: 
The dry and wet break values are both in the very good to excellent range. 
The dry break value of 348.2 psi is an increase of 32% over the mix without 
lime. While the wet break value of 264.2 psi is an increase of 38%. The 
retained strength ratio of 0.759 plus the increase in break strengths, seems 


to indicate improvement in the mixes moisture resiliance when lime is added. 


Tensile Split: 
The values for the dry test ran above average but are lower than the dry 
tests without lime. The wet specimens tested very well and increased 20% 
over those specimens without lime. The conditioned specimens also decreased 
in strength with the addition of lime. Based on the tensile split test one 


would feel that the use of lime made the mix better relative to moisture 
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susceptibility and made a poor situation, worse in regards to the freeze- 


thaw resistance. 


Summary With Additives: 
The tests tend to compare favorably for the wet specimens and the con- 


ditioned group, but fail to lend any consistent results for the dry tests. 


Billings Visual Observation: 
No difference is observed in the relative amounts of stripping between the 
specimens with lime and those without lime for the sets of specimens sub- 
jected to the same environment. The saturated wet specimens appear drier 
than do the dry specimens, and the conditioned specimens appear to be the 


driest of all. 


The specimens without lime appear rich in asphalt and also have more frac- 


tured aggregate exposed. 


Only very minor stripping has taken place in the conditioned specimens. 
From the test data one would have expected more stripping in the conditioned 


specimens than was actually observed. 
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Prairie County Line East and West 

IR 94-4(33)154 

Pit Lab. No. 526213-526217 

Loc. Ely, SEI Section 31, T-11-N, R-50-E 

Materials Bureau Recommendation: 5.5% 120/150 Penetration Asphalt No Additives 

Test Results Exhibits E & F 

"R" Modulus No Additives: 
The dry, wet and conditioned "R" modulus test results at 73° are all below 
average. The results of the tests at 55° are all on the low end of the 
average range expected. The ratios of the wet to dry and the conditioned to 
dry specimens fall toward the upper end of expected average values. From 
this data, it appears that our initial mix is possibly marginal in strength, 


making it seem to be less susceptible to moisture and freeze-thaw than it 


may actually be. 


Immersion Compression: 
The dry and wet break strengths are average. The retained strength ratio is 
very good and normally indicates a mix which isn't very susceptible to 


moisture damage. 


Tensile Split: 
In all cases the tensile split average values were either slightly below or 
on the low end. This seems to indicate a mix with mediocre strength. The 
wet to dry ratio and the conditioned to dry ratio indicates a relatively 
good resistance to moisture and freeze-thaw. When coupled with the low dry 


strength test value this may not be the case. 


Summary No Additives: 
The tests do not appear to correlate well, but in each test similar conclu- 


sions are drawn. It appears this mix is acceptable but not an extremely 
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good one. The data seems to suggest we have a mix with relatively low dry 


strengths that is modestly affected by moisture and freeze-thaw. 


Prairie County Line Source With Additives: 

"R" Modulus: 
All the results of the "R" modulus tests are on the high side of average or 
above. Also, in each case using lime, there is a significant increase in 
values when compared to the results without lime. In addition, the wet to 
dry and the conditioned to dry ratios increased in value. All this indica- 
tes that the mix with lime has more strength and is much less susceptible to 


moisture and freeze-thaw. 


Immersion Compression: 
The dry break strength had no change when lime was added and the wet break 
only increased 15%. The retained strength ratio of .951 is excellent. With 
the values in the midrange and with a good retained strength ratio, it 


appears the mix with lime is slightly better than the mix without lime. 


Tensile Split: 
With the addition of lime, all of the tensile split average values fal] 
above average or in the upper end of the average range. The ratios are also 
very good. This data seems to indicate a mix with very good strength, that 


is moisture resistant and should perform well in a freeze-thaw environment. 


Summary With Additives: 
The conclusion drawn on each test generally compliment one another except 
for the immersion compression tests results. The immersion compression 


values were not as affected by the addition of lime as were the other 
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results. For the most part, the tests all indicated the mix was much better 
with lime from the standpoint of increased strength, increased resistance to 


moisture and freeze-thaw. 


Prairie County Line North Visual Observation: 
Visually there was very little difference between the specimens. The dry 
specimens with and without lime did appear a bit richer than did the 
saturated and the conditioned specimens. Otherwise, the only visual dif- 
ference observed was the conditioned specimens without lime were beginning 


to strip to very minor degree. 


Based on the test data from resilient modulus and tensile split you would 
have expected more stripping but the immersion compression suggests 


otherwise, which appears to be the case. 
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Toole County Line North 

I 15-8(37)343 

Pit Lab. No. 448559-61 and 513191-95 and 321849-875 

Loc. SEI Section 28 and SWl/4 Section 27, T-31-N, R-2-W 

Materials Bureau Recommendation: 5.5% 120/150 Penetration Asphalt 1.5% Fly Ash 

Test Results Exhibits G &H 

"R" Modulus No Fillers: 
All of the "R" modulus test results fall into the average range. The wet to 
dry ratios are good which indicates the mix shouldn't be affected by mois- 
ture. The conditioned to dry ratio is low indicating the possibility of 


damage in a freeze-thaw environment. 


Immersion Compression: 
The tests results seem to be better than average. This coupled with a 
retained strength ratio of .7/1 seem to indicate the mix shouldn't be suscep- 


tible to moisture damage. 


Tensile Split: 
The tensile split test values for the dry and wet specimens are all very 
good but the conditioned specimens are low. The wet to dry ratio and the 


conditioned to dry ratio follow the same pattern. 


The wet to dry ratio is quite good and the conditioned to dry ratio is poor. 
This data indicates that the mix should not be very susceptible to moisture 


damage but is likely to experience damage in a freeze-thaw environment. 


Summary No Fillers: 
The test results all correlate very well. Each set of test data seem to 
indicate the same thing. This mix should not be very susceptible to mois- 
ture damage but has a good possibility of experiencing some damage in a 


freeze-thaw environment. 
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Toole County Line with Fly Ash: 

"R" Modulus: 
The addition of fly ash to the mix causes the values to increase slightly 
for the dry specimens, modestly for the wet specimens and significantly for 
the conditioned samples. The wet to dry ratios show a modest increase while 
the conditioned to dry ratio show a significant rise. The results indicate, 
that the addition of fly ash will modestly improve the mix, which is good in 
a dry and wet environment, while at the same time, significantly improve the 


mixes performance in a freeze-thaw environment. 


Immersion Compression: 
The test results are better than average and show a slight increase over the 
dry and wet breaks of those specimens without fly ash. The retained 
strength ratio of .80 shows a slight increase over the immersion compression 
specimens without fly ash. Such results indicate a slight increase in the 


mix's ability to resist moisture damage. 


Tensile Split: 
Adding fly ash to the mix appears to have caused the dry tensile split 
strength to decrease, the wet tensile strength to remain the same and the 


conditioned specimen strength to increase appreciably. 


The wet to dry ratio is very good, normally signifying a mix which is quite 
resistant to moisture. The condition to dry ratio is reasonable. Conse- 
quently, the mix with fly ash is still susceptible to freeze-thaw damage but 


not nearly as much so as the mix without fly ash. 
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Summary With Fly Ash: 
It appears that the test results compare extremely well in all phases of 
testing performed on this source. The ratios all compare well and the con- 
clusions drawn, based on each set of tests, seem to verify one another. 
Using fly ash generally appears to enhance the mix's performance in both 


moisture and freeze-thaw environments. 


Toole County Visual Observation: 
The dry specimens with and without fly ash show no stripping and each 
appears to have the same coating. The saturated wet specimens without fly 
ash show a slight degree of stripping, and so do the specimens with fly ash. 
But, the specimens containing fly ash have not stripped to the same degree, 


as the saturated wet specimens without fly ash. 


There is a considerable difference in the amount of stripping which has 
occurred between the conditioned specimens with fly ash and those specimens 
without. The specimens without fly ash have shown moderate to severe 


stripping, while the specimens with fly ash were only moderately stripped. 


None of the test values seem to predict the severity with which moisture and 


conditioning have affected the specimens in this mix design. 


Bio 


i — 


—err fis wi hfe \ hanes ixs 180m eal denn teas 9 ? oe de é 


, Le ee he 
-na aed bes fie sraqmna fia e6tde7 ant swe! ne 


-THIoNs GN YTV OF Mee. .2I29T Jo 39? nose ‘te beth an 
jod ni sonemnotied 2! » tin sit 45nedoe 09 eveeqae ten snoe ag 
‘2dnphobn tees weds-aseer? bis » 


ee 

snot Jovyeadd four t¥ wed 3 

uy (o- z 

thaw bete pakgotese on Wate dab PF Swors tw tne tw roantonge es 


wes - 
ofldtw eremtsoge sow bets twwtae an ont tB0> mine ants oven of a es 


a 


fitw edemtcage etd ob oe bag »eniqetsie Jo eeipab tipi is mw wets, 2 


aswel sewed O2 beaghate gon sven wze fl) entitadads. grenioede eae 


(26 ¥Ii Juondtw zianioegr tow bedewidee 


bea Na cutnd2 Yo dnuoma atid nt oooersttD ofdesebtenan » Pha 
Joge v2082 bos dee y!* adhe eneatioge benottibnes edt noawled besa 
evs? OF etenshom nwote even des vit Sporttty 2nombra08 aay 


te Yfstecahom vino avew fee vit dtiw anemtoeq? ans af Pit sontoge 


- ba 4 : a 7 
uyerco oitw atiw yttrewsaa Sie Soibeng oF moee Beoley teak and Yo 


“iptesb etm eins at eoeetaeqe odt Htetoetté ovat on 


Sieben - Wolf Creek 

I 15-4(51)217 and IR 15-4(53)218 

Pit Lab. No. 534227-30 

Loc. Sl NWl/4 Section 11, T-14-N, R-4-W 

Materials Bureau Recommendation: 6.0% 120/150 Penetration Asphalt 1.5% Hyd. Lime 

Test Results Exhibits J & K 

"R" Modulus Without Additives: 
The dry and wet "R" modulus test values all fall on the high side of the 
average range and in some cases above average. The wet to dry ratios vary. 
Looking at the ratio at 73°, the mix seems to be very good but the 55° ratio 
is only fair. This variance seems to indicate the ability to resist 
moisture may be questionable. The conditioned specimens results ran quite 
low as did the conditioned to dry ratios. Such results seem to indicate 


that there is a high probability this mix is quite susceptible to damage in 


a freeze-thaw environment. 


Immersion Compression: 
The dry strength was excellent but the wet strength was very poor. Conse- 
quently, the retained strength ratio was very low at .25. This indicates a 


mix which is highly susceptible to moisture damage. 


Tensile Split Test: 
The dry specimen results are well above average. The wet specimens are also 
above average but not to the same degree as the dry specimens. Conversely, 
the conditioned specimen results are below average. As a result, the wet to 
dry ratio and conditioned to dry ratios are fair and poor respectively. 
This test data seems to suggest that the mix has a good probability of 


incurring moisture damage and is highly susceptible to freeze-thaw. 
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Summary : 
This set of test data shows the three tests coming to similar conclusions 
but the test results are not consistently compatible. The dry test data has 
good "R" modulus results and the dry tensile split average is also high. 
The saturated specimens compare well at 55° but the ratio at 73° is higher. 
The immersion compression results would normally discredit this mix. The 
tensile split and "R" modulus tests, also indicate a poor mix, in an 


environment where there is freeze-thaw. 


Sieben Wolf Creek With Additives: 

"R" Modulus Test: 
The dry "R" modulus test performed at 73° increased modestly while the dry 
"R" modulus at 55° and the saturated "R" modulus tests increased slightly 
with the addition of lime. The test values are generally above average. 
The conditioned specimens showed a dramatic increase in test values with the 
addition of lime. Although the results for both sets of test data in- 
creased, the tests at 73° seem to have been affected to a greater degree 
with the addition of lime. The wet to dry ratio and the conditioned to dry 
ratios all ran about the same. A ratio of .63 for saturated specimens 
generally seems to indicate there may be a moisture susceptibility problem. 
Conversely, a value of .65 for a conditioned to dry ratio seems to indicate 


that a specimen isn't too bad relative to freeze-thaw. 


Immersion Compression: 
The dry break strength increased slightly to 333.4 psi which is excellent. 
The wet break strength increased well over double from a poor 81.2 psi to a 


very good 186.2 psi. The retained strength ratio is .56, which is normally 
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indicative of a mix that is modestly susceptible to moisture. 


Tensile Split: 

The dry tensile split strength remained unchanged with the addition of lime, 
while the saturated strength test value increased only slightly. Looking at 
the conditioned tensile split test results, you see a significant increase, 
to above average levels. The wet to dry ratio with lime is .69 which is 
good. This indicates the mix is only slightly susceptible to moisture. The 
conditioned to dry ratio is .59. Considering that the test values for the 
dry tensile split test are well above average and the conditioned values are 
also above average, the mix probably won't be too susceptible to freeze-thaw 


damage. 


Summary With Additives: 
For the most part all of the tests correlate quite well. Basically, the 
mix's susceptibility to moisture and freeze-thaw is enhanced by the addition 
of lime. This degree of enhancement is a bit speculative but seems to be 


significant. 


Sieben-Wolf Creek Visual Observation: 
The dry specimens with and without lime are visually identical, relative to 
stripping and color. This is pretty consistent with the calculated results 
which varied little. The saturated specimens also appear quite similar 
which the test results verify. Looking at the conditioned specimens, the 
samples with lime appear visually, in better condition than the specimens 
without lime. The specimens without lime appear to have been more severely 


affected by the freeze-thaw environment. 
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Overall, the tests seem to verify what visually appears to be happening. 
The dry and saturated mix design specimens were unaffected by the addition 
of lime. For the conditioned specimens, the addition of lime enhanced the 
performance of the mix significantly test-wise and also visually. The 
freeze-thaw conditioning had stripped the specimens without lime to a 


greater degree than those specimens with lime. 
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Fairfield East and West (N. Section) 

F-3(2)23 

Pit Lab. No. 373880-890 

Loc. NWlf Section 27, T-22-N, R-3-W 

Materials Bureau Recommendation - 6% 120/150 Penetration Asphalt 1.5% Hyd. Lime 

Test Results Exhibit L &M 

"R" Modulus No Additives: 
The average test values all fall in the midrange of expectation. The wet to 
dry ratio is very good and seems to represent a fairly good mix which should 
be quite resistant to moisture. Looking at the conditioned to dry ratios, 


which are not too outstanding, you could expect this mix design to be 


somewhat susceptible to damage from freeze-thaw. 


Tensile Split: 
The values for the dry and wet tensile split tests, fall in the upper end of 
the average range. The wet to dry ratio is very good which could mean this 
mix shouldn't be affected much by moisture. The conditioned specimen's 
results are low and the conditioned to dry ratio is marginal. This would 


seem to indicate a mix with possible freeze-thaw susceptibility. 


Immersion Compression: 
The dry break strengths were very high and the wet break strengths were 
quite low. The retained strength ratio of .38 normally indicates a mix 


which is very susceptible to moisture damage. 


Summary No Additives: 
The tensile split tests and "R" modulus tests correlate very well. Both 
sets of data seem to indicate the mix is fairly good in a wet and dry 


environment but is probably susceptible to freeze-thaw damage. The immer- 
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sion compression test results normally indicate a mix with high suscep- 


tibility to moisture. 


Fairfield Source With Addivites: 

"R" Modulus: 
The wet and dry "R" modulus test values increase. Those tests performed at 
73°F increased much more than did the results for the test performed at 55°. 
Looking at the test data, the results still fall within the midrange. The 
results of the conditioned specimens showed a greater impact on the results 
using lime. The tests values moved from below average to the upper end of 
average or above. From this data it would appear that the use of lime would 
cause the mix to be slightly more resistent to moisture and much more 


resistant to a freeze-thaw environment. 


Tensile Split: 
Adding lime to the mix, caused both the dry and wet test results to increase 
to above average levels. The wet to dry ratio stayed about the same, 
Signifying a uniform increase in strength in both cases. This data would 
support the idea that adding lime enhanced the moisture resistance of the 
mix. The conditioned specimens test results, also increased with the addi- 
tion of lime to the mix. The impact of lime is much more pronounced for the 
conditioned specimens than it was for the dry and saturated specimens. The 
test results for the conditioned specimens without lime were below average, 
where the test results for specimens with lime are well into the average 
range. The conditioned to dry ratio also improved. This along with the 
increased conditioned tensile split average seems to indicate, the mix with 


lime is more resistant to damage in a freeze-thaw environment. 
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Immersion Compression: 
The dry values increased to 414.6 psi using lime which is an increase of 
20%. The wet break strength increased 130% to 304.8 psi. Correspondingly, 
the retained strength ratio increased from .38 to .74. Normally, this would 
support the use of lime to enhance the mix making it more resistant to 


moisture. 


Summary With Additives: 
The tensile split and "R" modulus test results correlate extremely well. 
Both sets of data seem to suggest that the addition of lime enhances the 
performance of the mix in dry and wet environments and enhances the perfor- 
mance in freeze-thaw significantly. With the lime, we should expect a mix 


with very little susceptibility to moisture and freeze-thaw. 


Fairfield Source Visual Observation: 
In each case, the set of specimens with lime appears to be a bit drier. 
There doesn't seem to be any significant difference in appearance relative 
to stripping. In fact, one needs to look quite closely to find the minor 
stripping which has taken place in the conditioned specimens without lime. 


Also, in all cases there was a great deal of aggregate fracture apparent. 


The dry and saturated test data seem to support the visual observation. 
However, based on the immersion compression results and the conditioned spe 
cimen test data, for the specimens without lime, it would have been reaso- 
nable to expect more stripping than was observed in the conditioned speci- 


mens without lime. 
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GENERAL COMMENTS AND CONCLUSION 


For this report, we are assuming that the immersion compression test procedure 
and results are the established standard for comparison. The initial goal was 
to evaluate the possibility of utilizing the tensile split test and/or resilient 
modulus test data in conjunction with the immersion compression data to more 
accurately predict the moisture susceptibility of an asphalt concrete mix 


design. 


Key comparisons between immersion compression and resilient modulus and immer- 
sion compression and tensile split are graphed to illustrate their relative 
correlation (See pages 40-44). Also, graphed are two relationships between 


stripping and immersion compression (See page 45). 


Table 3 contains a list of all the comparisons made and their correlation coef- 
ficients. To be 95% confident that there is a correlation, a coefficient of 


correlation of .81 is needed. 


At this point in our research, it does not appear that there is enough correla- 
tion or consistency in our test results to substantiate the possibility of using 


either the tensile split or resilient modulus tests. 


Further discussion of specific comparisons between tables 1 and 2 follows, along 


with our recommendations. 


As a final comparison, the data gathered on all the tests is compiled in two 
tables. Table 1 has the average test values for all six sources using no 
fillers or additives. Table 2 is the same, only this data is based on the 


results of mixtures using fillers or additives. 


For example, looking at Table 1 and comparing the dry tensile split test values 
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to the dry immersion compression test values, you observe significant inconsis- 
tencies. The Wibaux source had a tensile split value of 54.3 psi which is of 
similar magnitude as the Fairfield value of 57.9 psi. Comparing then, the 
Wibaux dry IC break strength value of 168.9 psi to the Fairfield value of 346.2 
‘psi one must question the test results as indicators. Likewise, the similarity 
of inconsistency can be seen by comparing Sieben - Wolf Creek's IC dry break of 
324.7 psi to Fairfield's 346.2 psi which corresponds to a tensile split of 87.8 
psi for Sieben - Wolf Creek versus the Fairfield tensile split value of 57.9 


psi. 


Now, if one assumes the Fairfield data is erroneous or didn't apply, there is a 
semblance of correlation with the balance of dry IC break values and the dry 
tensile split values, until you look at Table 2. Looking at the Billings dry 
tensile split average value of 57.2 psi and comparing it to a Prairie County 
value of 56.6 psi in Table 2 we find corresponding dry IC break values of 348.2 
psi and 179.1 psi respectively. Again, there is no good correlation, and little 
iS apparent in the comparison of dry IC and dry tensile split test results for 


the sources in Table 2. 


Doing a similar comparison of the saturated tensile split test values as com- 
pared to wet immersion compression test values yields similar results. In Table 
1 the wet break IC values for Wibaux and Fairfield are 137.7 psi and 131.7 psi 
respectively. Those values correspond to tensile split values of 31.4 psi for 
Wibaux and 50.5 psi for Fairfield, which don't correlate too well. Likewise, in 
the comparison of Toole County and Sieben - Wolf Creek, where a saturated ten- 
sile split value of 57.6 psi corresponding to a value of 55.7 psi does not 
correlate with the wet IC break values of 191.1 psi for Toole County and 81.2 


psi for Sieben - Wolf Creek. 
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Further investigation, comparing tensile split ratios to IC retention strength 


ratios also does little to substantiate any correlation between the two tests. 


Looking at the resilient modulus test as compared to immersion compression con- 
sider the Billings source and Toole County source in Table 1. For all practical 
purposes, the immersion compression data is the same for these two sources. 

Now, comparing the resilient modulus test data you have different orders of 
magnitude but the ratios are comparable. Further comparisons of immersion 
compression data and resilient modulus data continue to raise questions. The 
dry immersion compression break strength for Billings in Table 1 ranks fourth in 
magnitude while the resilient modulus dry strength at 73° and 55° are the 
highest. While, the wet immersion compression break strength for Billings is 
the highest as are the saturated and conditioned resilient modulus values in 


Table 1. 


Looking at Table 2, the Fairfield source has the highest wet and dry immersion 
compression break strength, but the resilient modulus values are third, fourth 
and fifth by compartson. There are also other inconsistencies in Table 2 which 
make it difficult to detect any significant consistent correlation between 


immersion compression test data and resilient modulus data. 


Finally, we looked at how the tensile data and the resilient modulus data 
compared. The relative magnitudes of the test values and ratios show a fairly 
good correlation when the two test methods are compared within the same 
environment; such as, dry, saturated and conditioned. Right now we do not know 


of what value this correlation is or could be. 


Looking at the tensile split test values for the conditioned specimens without 


fillers, it appears the conditioning process may be too severe. There is very 
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little variation in the results indicating the conditioning environment was pro- 


bably too harsh. 


In comparing the test results on each source we found the "R" modulus, tensile 


split and immersion compression tests had more correlation than did the com- 


parisons of the specific test results between the six sources. 


In summary, the data gathered from the six selected sources, does not substan- 


tiate or suggest the use of the tensile split test or resilient modulus test as 


viable alternatives or tools in the prediction of moisture susceptibility for 


asphalt concrete mix design. 


RECOMMENDATIONS: 


ig 


Do not implement or incorporate a moisture prediction program for 
asphalt cement which relies on tensile split test data and/or resilient 


modulus test data at this time. 


Continue to rely on the immersion compression results as the key cri- 
teria in moisture susceptibility prediction in asphalt concrete design 


mixes. 


Because of the added information gained in a conditioning process, 
using freeze-thaw, a less severe test should be developed for any 
future "R" modulus or tensile split research, and should be investi- 


gated for use in the immersion compression procedure. 


Consider research into how aggregate fracture and absorption affect 


tensile split and resilient modulus tests. 


Study a single source of known good aggregate and vary asphalt 
contents, additives, to determine the effects on tensile split and 
resilient modulus test values. 
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EXHIBIT A 
7926-04 
Wibaux Source 
No Additives 


Dry Mr 73] Dry Mr 55] Dry Tensile | Sat Mr 73] Sat Mr 55] Sat Tensile 
Core Si DSi Split (psi psi psi Split (psi 
Sat 
108,078 432,168 29.0 
Ratio Sat 
Dry Sel 305 58 
Cond 
li 63,701 241,614 20.3 
Ratio Cond 
Dry o3/ 42 


Immersion Compression Data 

Avg. dry break strength 168.9 psi 
Avg. wet break strength 137.7 psi 
Retained strength ratio = 81.5% 
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EXHIBIT B 
7926-04 


Wibaux Source 
With Hydrated Lime 


Dry Mr 55] Dry Tensile | Sat Mr 73] Sat Mr 55] Sat Tensile 
i Split (psi DSi psi Split (psi 


Tea) ee 
oc a ee 
aa 
972,601 40.1 hea 

205,096 | oza,see | aes || 

viet! 


- 
nn 
— 


— 


ee > 
Pr Je InN [om w 


ae 
|_| 165,145 | 835,970 
ee atl 147 ,208 702,445 
177,255 741,822 
Average 156,960 751,642 
Ratio Sat 
Dry 


81 
136,444 | 737,137 


38.5 
82.9 
B5e0 
42.1 
3763 
32.6 


Cond 


.76 
185,884 | 814,942 
215,088 | 920,441 

Average | 164,331 | 774,351 


Ratio Cond 
Dry 83 
Immersion Compression 


Dry Break Strength 223.2 psi 
Wet Break Strength 188.6 psi 
Retained Strength Ratio 84.5% 
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EXHIBIT C 7926-04 


Dry Tensile |] Sat Mr 73] Sat Mr 55] Sat Tensile 
Split (psi psi psi Split (psi 
1A 


Billings Source 
No Additives 


Dry Mr 73] Dry Mr 55 


eS, DSi ryt 35 
Dry 
331,483 1,628,419 76.9 
Sat 
10 261,128 1,325,491 Ais 
Ratio Sat 
Dry 70 Al 
Cond 
6 77,346 408,275 17.9 
Ratio Cond 
Dry yon ee) “Ov 


Immersion Compression 

Dry Break Strength 262.6 psi 
Wet Break Strength 191.4 psi 
Retained Strength Ratio 73% 
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EXHIBIT D 
7926-04 


Dry Mr 55] Dry Tensile | Sat Mr 73] Sat Mr 55] Sat Tensile 

psi Split (psi psi psi Split (psi 
1,295,993 64.1 
1,220,283 


Billings Source 


Dry Mr 73 


Core DSi 


=z 
= 
ct 
=i 
7) 
(a) 


554,063 


Hydrated Li 
Sat 
10 457,011 13212,156 56.1 
Ratio Wet 

Dry 93 1.06 

Cond 
100,915 467,147 2507 

Ratio Cond 

Dry AA - 38 42 


Immersion Compression 

Dry Break Strength 348.2 psi 
Wet Break Strength 264.2 psi 
Retained Strength Ratio 75.9% 
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EXHIBIT E 


7926-04 
Prairie County Line North 
No Additives 


Dry Mr 73} Dry Mr 55] Dry Tensile | Sat Mr 73 | Sat Mr 55] Sat Tensile 
Core DSi psi Split (psi psi psi Split (psi 
BP ohh) 762,369 42.1 ‘kis capaci 
cd SORE a | Ep Ce aa ae 
Dry 
150,553 896,321 51.4 
2 54,073 _| 339,924 
Sat 
5 107,422 582,265 45.2 
Ratio Sat 
Dry ey) eye) ee 
[das |e ied Rrayeiee TPR eee 
[sic ecg) mel need EU TRE 
Ratio Cond 
Dry 39 «45 202 


Immersion Compression 

Dry Break Strength 179.0 psi 
Wet Break Strength 148.0 psi 
Retained Strength Ratio 83% 
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EXHIBIT F 7926-04 


Prairie County Line No. 
With Hydrated Lime 


Dry Mr 73] Dry Mr 55] Dry Tensile | Sat Mr 73 | Sat Mr 55] Sat Tensile 
Core DSi psi Sohite (psi psi psi Split (psi 


f1,178,120{ 56.0 | a eae 
Dry 
260,947 1,181,444 52.2 
Wet 
185,374 881,979 52.9 
Ratio Sat 
Dry ant sot 92 
Cond 
134,234 826,765 46.2 
Ratio Cond 
Dry acm 61 


Immersion Compression 

Dry Break Strength 179.1 psi 
Wet Break Strength 170.3 psi 
Retained Strength Ratio 95.1% 
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EXHIBIT G 7926-04 


Toole County Line No. 
No Filler 


Core 


3 


928 ,530 
980,137 
VG 945 ,845 


Cond 


95,371 


Ratio Cond 
Dr 
Immersion Compression 


Dry Break Strength 269.9 psi 
Wet Break Strength 191.1 psi 
Retained Strength Ratio 71.0% 
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EXHIBIT H 7926-04 


Toole County Line No. 


289 ,084 1,019,432 

Dry 
262,309 973,846 
236,183 882,464 
257,996 958,734 


244 ,406 959,192 


V 


@ 


Cond 


Immersion Compression 


Dry Break Strength 279.5 psi 
Wet Break Strength 224.5 psi 
Retained Strength Ratio 80% 
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EXHIBIT J 7926-04 


Dry Tensile} Sat Mr 73 
Split (psi psi psi 


Sieben-Wolf Creek 
No Additives 


Dry Mr 73] Dry Mr 55 


psi psi it _(p 
Dry 
297,918 86.2 
Sat 
242,406 640,261 57.5 
Ratio Sat 

Dry 82 268 763 
Cond 

I 81,214 330,914 : 

Ratio Cond 
Dry 328 -28 a4 


Immersion Compression 

Dry Break Strength 324.7 psi 
Wet Break Strength 81.2 psi 
Retained Strength Ratio 25.0% 
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EXHIBIT K 7926-04 


Dry Tensile] Sat Mr 73] Sat Mr 55] Sat Tensile 
Split (psi psi psi Split (psi 


Sieben-Wolf Creek 
With Hydrated Lime 


Dry Mr 73] Dry Mr 55 
DSi psi 


a ory te 
Dry 
16 434,323 1,265,620 94.1 
Sat 
21 2Dh O20 679,248 65.3 
Ratio Sat 
Dry ~65 61 
Cond 
20 264,748 767,048 53.10 
Ratio Cond 
Dry 59 


Immersion Compression 

Dry Break Strength 333.4 psi 
Wet Break Strength 186.2 psi 
Retained Strength Ratio 55.8% 
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EXHIBIT L 7926-04 


Fairfield Source 
No Additives 


Dry Mr 73] Dry Mr 55] Dry Tensile | Sat Mr 73] Sat Mr 55] Sat Tensile 
DSi psi Split (psi psi psi Split (psi 


a 
Dry 
19 185,627 953,392 58.0 
Sat 
23 169,540 736,047 52.4 
eee Average 164,812 723,370 
ht Ee ae 
Cond 
16 92,264 441,081 2d.09 
Ratio Cond 
Dry 47 46 245 


Immersion Compression 

Dry Break Strength 346.2 psi 
Wet Break Strength 131.7 pso 
Retained Strength Ratio 38.0% 
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EXHIBIT M 7926-04 


airfield sonnet 


(pet DSi ) Split (psi psi Split (psi 
06,79 fos [aa ee ss 
Ra 
ies ae 
ae 


5 
Wi 


Core 


w Po (5 
a 
a 


VG 


Ea, 
WwW 
Q. 
7 
mQ 
ct 
@m 
Qa 
ian 


270,147 945 ,085 


280,212 822,838 


omres 37 219.727 | 7774147 
Peas lone 


a a ae gL 
ea A [72 77m tase 
Ce ee ae 
oe a eae nae eee Eee 


Cond 


— on {|p me |e in > 
- Uns) = t=) 


181,448 611,832 
Average 160,518 616,872 


Syed 
Doe 
44.0 
ied 
oe eae = 
Immersion Compression 


Dry Break Strength 414.6 psi 
Wet Break Strength 304.8 psi 
Retained Strength Ratio 73.5% 


226,796 751,619 
Average 239,136 7187 ,53e 
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Dry MR 73° (10° PSI) 


Figure | 


y x 
MR Dry (73°)|1C Dry 
W 154,706 


B 353,008 | 262.2 
PC 139,544 | 179.0 
TC 224,853 | 269.9 
SW 276,989 | 324.7 
F 187,249 | 346.2 


r=.46 


400 


350 


300 


250 


200 


150 


100 


50 


50 100 1S BOO). QQ oo) - Sie) 
IC Dry (PSI) 


Dry Resilient Modulus Tests (73°) 
vs. Dry Immersion Compression Tests 
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Sat. MR 73° (103 PSI) 


Figure: 2 


MR Sat. (73°) 
W 94,210 | 137.7 
B 281,314 | 191.4 
PC 74,629 | 148.0 
TC 185,326 | 191.1 
SW 227,036 | 81.2 
F 164,812 | 131.7 
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50 100 150 200 250 300 350 400 
IC Wet (PSI) 


Saturated Resilient Modulus Tests (73) 
vs. Wet Immersion Compression Tests 
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Tensile Split Dry (PSI) 


Figure 3 


y x 
Dry 
Tensile Split 


100 


75 


50 


25 


50 lOO §6©—1SO)6200 )0=—250 =6300 6350) 6400 
IClOryatPSi) 


Dry Tensile Split Tests 
vs. Dry Immersion Compression Tests 
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Tensile Split Sat. (PSI) 


Figure 4 
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Tensile Split 
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TABLE 1 | 7926-04 


SIX SOURCE AVERAGES - NO ADDITIVES OR FILLERS 


Test Prairie Sieben- 
Cond Wibaux Billings County Wolf Creek Fairfield 
Mr 73° Dry 154,706 139,544 276,989 187,249 


| 353,008 

fisiesbry jl ss. 57.9 
Mr 73° Sat 94,210 74,629 185,326 164,812 
Me 55° sat_| 417,671 723,370 
Tensile Sat 31.4 l-stembee eeeryenan WLS 50.5 
Mr Cond 73° 71,801 O55 301 

Wr Cond 55° | 261,361 369,190 
Tensile Cond eee 2065 Z0ec 
IC Dry 168.9 269.9 346.2 


ro wet___—| 137.7 | 191.4 191.1 131.7 
I Ratio | 815 n 25 38 
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Tensile Cond 42 eW/ 62 -40 28 245 
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Cond Mr ash 39 42 325 047 
el ae Sred Peer 
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“TABLE 2 7926-04 


SIX SOURCES AVERAGES WITH ADDITIVES OR FILLERS 


Test Prairie Toole 
Cond Wibaux Billings County County 


nr 73° ory | 205,008 

Hr 55° ory | 929,92 

fansite ory | ats 
2 228,879 


Sieben- 


Wolf Creek Fairfield 


nr 73° sat_| 156,960 
ur 56° sat_| 751,642 
Tensile Satii| 37.3 Ee ee ee oe 
Mr Cond 73° | 164,331 107,343 127,487 175,902 

Mr Cond 55° | 774,351 665,606 


Tensile Cond 34.9 24.0 
IC Dry 22ane 348.2 179.1 279.5 333.4 


IC Wet 188.6 264.2 170.3 224.5 186.2 304.8 
IC Ratio 76 80 
2H scta san A 


Tensile Sat 1.06 9 93 

Tensile Cond Avie! 42 79 68 

Sat Mr -/6 -80 ATA 89 

Ratio 

Cond Mr 80 Baik s5L -68 - 66 59 
Ratio 55° 

Sat Mr aon 93 sol 91 61 83 
Cond Mr 83 38 69 65 
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Table 3 


Correlation Coefficients 


Dry MR 73° vs IC Dry Without Additives or Fillers 

Dry MR 73° vs IC Dry With Additives or Fillers 

Saturated MR 73° vs IC Wet Without Additives or Fillers 
Saturated MR 73° vs IC Wet With Additives or Fillers 

Dry Tensile Split vs IC Dry Without Additives or Fillers 

Dry Tensile Split vs IC Dry With Additives or Fillers 

Saturated Tensile Split vs IC Wet Without Additives or Fillers 
Saturated Tensile Split vs IC Wet With Additives or Fillers 

Dry MR 55° vs Tensile Split Dry Without Additives or Fillers 
Dry MR 55° vs Tensile Split Dry With Additives or Fillers 
Saturated vs Saturated Without Additives or Fillers 

Saturated vs Saturated With Additives or Fillers 

Saturated Tensile Split vs IC Ratio Without Additives or Fillers 
Saturated Tensile Split vs IC Ratio With Additives or Fillers 
Conditioned Tensile Split vs IC Ratio Without Additives or Fillers 
Conditioned Tensile Split vs IC Ratio With Additives or Fillers 
Saturated MR 73° Ratio vs IC Ratio Without Additives or Fillers 
Saturated MR 73° Ratio vs IC Ratio With Additives or Fillers 
Saturated MR 55° Ratio vs IC Ratio Without Additives or Fillers 
Saturated MR 55° Ratio vs IC Ratio With Additives or Fillers 
Stripping Saturated vs IC Ratio Without Additives or Fillers 
Stripping Saturated vs IC Ratio With Additives or Fillers 
Stripping Cond vs IC Ratio Without Additives or Fillers 


Stripping Cond vs IC Ratio With Additives or Fillers 
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